Osteopetrosis in five fetuses from a single herd of 16 cows
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Osteopetrosis is a congenital skeletal abnormality that occurs as a result of failure of resorption of endochondral bone and cartilage while bone formation continues at the normal rate. This condition has been reported in humans, dogs, cattle, and horses. [4] [5] [6] 9, 11 It has a familial predisposition in humans, 7, 9 and is an autosomal recessive trait in Angus 4 cattle. Osteopetrosis has also been associated with in utero bovine virus diarrhea virus infection. 2 This report describes 5 cases of osteopetrosis in calves from a small herd of Angus and Angus-Charolais cows.
iae, L. grippotyphosa, and L. hardjo) bacterin, killed infectious bovine rhinotracheitis vaccine, and killed bovine virus diarrhea vaccine. They were dewormed with fenbendazole, a and permethrin b was used as a fly control.
Five full-term Angus and Angus-Charolais fetuses from 1 farm were presented to the Indiana State Animal Disease Diagnostic Laboratory (ADDL), Purdue University, in March and April 1988 with a history of dystocia and stillbirth. The fetuses were from 5 cows in a 16-cow herd. The cows were 2-8 years old; 14 were purebred Angus, and 2 were Angus-Charolais. The sire was a registered Angus bull purchased in April 1987.
The pregnant cows were left on grass pasture until November, when they were pastured on harvested cornfields. During calving season in March and April the cows were confined to a 2-acre grass pasture. The cows were fed shelled corn, cornstalks, oat straw, liquid protein supplement, and a powdered mineral supplement during the last 2 months of gestation.
At 7 months of gestation, the herd was vaccinated with a Leptospirosis (L. Pomona, L. canicola, L. icterohemorrhag-Two cows aborted and 1 cow had a full-term stillborn calf prior to the first submission of calves to the Indiana State ADDL. Four Angus cows produced calves with multiple skeletal deformities and 7 Angus cows had normal healthy calves. One of the Angus-Charolais cows had a deformed calf and 1 had a normal healthy calf.
The calves were born dead and had multiple skeletal deformities, which consisted of pronounced doming of the cranium, micrognathism, dysostoses, arthrogryposis, and kyphoscoliosis. The doming of the cranium was characterized by exuberant trabecular bone growth replacing the frontal sinuses (Fig. 1 ). The exuberant bone contained multiple, 1-mm to 2-cm cystic cavities. The cavities were empty or contained clear to sanguinous mucus. The mandible was 75% of normal length. Dysostoses of exuberant trabecular bone growth involved the scapulae, ribs, and the metaphyseal areas of the long bones. The areas of dysostosis also had multiple small, l-5-mm cystic spaces. Slab sections of long bones revealed multiple parallel linear densities in the metaphyses consistent with growth arrest lines ( The primary microscopic alteration in the proliferative bone of the frontal sinus was a lack of bone modeling and a complete absence of osteoclasts ( Fig. 3) . Sections of the proliferative bone contained multiple cystic spaces. These spaces contained mesenchymal tissue or blood and were lined by osteoblasts surrounded by mineralized osteoid. The long bones had horizontal plates of mineralized osteoid within the metaphysis corresponding to the growth arrest lines. Pathologic changes within the bones were morphologically consistent with osteopetrosis. Myodegeneration characterized by multiple hypereosinophilic bundles of myofibers without cross striations was present in the biceps femoris and biceps brachii muscles.
Osteopetrosis is characterized by the accumulation of primary and secondary spongiosa within the marrow space due to defective osteoclastic resorption of the chondro-osseous complex.* Normal endochondral ossification occurs, but osteoclasts are absent or are ineffective at modeling the new bone.
Osteopetrosis may be the result of a lack or abnormality of osteoclasts, a lack of parathyroid hormone, an excess of calcitonin, or an abnormality of the osteoid and hydroxyapatite matrix that makes the bone less amenable to resorption. 9 In this case of osteopetrosis and those reported in foals, calves, and a dog, the defect was related to a marked decrease or absence of osteoclasts.4-6 If osteoclasts were identified, they did not have zones of resorption around them. 4, 6, 11 In all cases of osteopetrosis, the defect is related to a lack of bone resorption while both membranous and endochondral ossification proceeds normally. The cause for defective bone resorption and reduced numbers of osteoclasts is not known.
In humans, osteopetrosis is a familial disease characterized by increased bone radiodensity and abnormally shaped bone. The bone lesions are due to a decrease in the rate of bone and cartilage resorption while deposition of bone occurs normally. 9 In 1 study of human osteopetrosis there were in- creased numbers of osteoclasts within affected bone, and they lacked the ruffled borders and clear zones usually associated with sites of bone resorption. 9 In vitro culture of human osteopetrotic bone has revealed a deficiency in the enzyme collagenase, which may contribute to or cause the lack of bone resorption. 9 Skeletal deformities have also been associated with ingestion of toxic plants. Lupines have been reported to cause arthrogryposis, kyphoscoliosis, torticollis, and cleft palates in calves. Pregnant cows ingesting a sufficient amount of the alkaloid anagyrine, the teratogenic component of lupines, between the 40th and 70th day of gestation will have deformed calves. 3 Another toxic plant, Conium maculatum, when ingested by cattle between the 50th and 75th day of gestation, may also produce calves with multiple skeletal deformities. These deformities include arthrogryposis, kyphoscoliosis, rotated limbs, and cleft palate. 3 Proliferative bone or osteopetrosis has not been associated with ingestion of lupines or Conium maculatum. In the case reported here, there was no known history of ingestion of toxic plants. The same pastures had been used for more than 5 years without deformed calves being born.
Bovine virus diarrhea (BVD) virus infection is an unlikely cause for osteopetrosis in the case reported here, since cerebellar hypoplasia, microphthalmia, and alimentary tract erosions and ulcerations typically associated with in utero BVD infection* were not seen. Also, tissues from affected calves were negative for isolation of BVD virus.
Osteopetrosis in Angus and Hereford cattle is a simple autosomal recessive trait. 4 The probability of a calf expressing the trait would be 0.25 (25%) if both parents were heterozygous. l The probability of 5 out of 16 calves expressing a simple autosomal recessive trait is 0.18 (18%) 8 if all the cattle are heterozygous. It is probable that the osteopetrosis in this case is due to an inherited simple autosomal recessive trait.
Other potential causes of osteopetrosis in the fetuses reported here could be a transient viral infection or a chemical teratogen. The cows could have been infected by a virus during gestation, however no virus was recovered and serology was not performed. Neutralizing antibody in the fetal serum may have accounted for the inability to detect virus in the fetal tissues although fetal serology was not performed. The cattle may have consumed a teratogen from a plant source or a chemical previously used on the farm. The herbicides alachlor with atrazine, c bronoxynil d and dimethazone e were used on the farm. These chemicals have not been shown to be teratogenic in rats lo (Hopper D, FMC Corporation, personal communication, 1988); however, studies in cattle have not been performed.
In summary, the skeletal abnormalities in these calves are histologically compatible with lesions of osteopetrosis. The gross and histologic alterations reported here are compatible with those previously reported for hereditary osteopetrosis in Angus cattle. 4,1l The likely cause of osteopetrosis in this case is an inherited congenital defect in bone remodeling. fixed in Zenker's solution, contrast is increased to a point where it becomes possible to identify certain lesions radiographically. Zenker's solution contains mercuric chloride, which acts as a coagulative fixative by reacting with protein moieties. 2, 3 The mercury concentrates to varying degrees in tissues of differing composition and allows for radiographic distinction between tissues. The procedure first proved useful in our laboratory for the postmortem evaluation of globes,' especially the identification and localization of intraocular neoplasms. The objective of this study was to examine the
